Abstract: Response surface methodology (RSM) involving the central composite design (CCD) was employed to optimize three important process variables for the decolourization of synthetic dye solutions containing Remazol Turquoise Blue (RTB) and Reactive Black 5 (RB5) with isolated bacterial strain Pseudomonas sp. The interaction between three variables i.e. Initial concentration of dye, carbon source and nitrogen source were studied and modeled. According to the Analysis of variance (ANOVA) results the predicted results were found to be in good agreement with experimental results (R 2 : 0.9726; Adj R 2 : 0.9480 for RTB and R 2 : 0.9789; Adj R 2 : 0.9750 for RB5) which indicated excellent evaluation of experimental data from the second order polynomial regression model. Mathematical models were developed by the proposed system, for each process variable showed the effect of each factor and their interactions on biodecolourization process. The optimum concentrations of Dye, Carbon source, and Nitrogen source were found to be 20 mgL −1 , 1.5 g/L and 1.5 g/L, respectively for RTB and RB5 to obtain maximum dye removing capacity. Predicted values were validated with experimental results, which indicated appropriateness of the employed model and the success of RSM.
Introduction
Dyes and dyestuffs are the colorants which are extensively used in the food, pharmaceutical, cosmetic, textile and leather industries. Over 100,000 commercially available dyes exist and more than 7 × 10 5 tones of dyestuff are produced annually [1] . These dyestuffs which are present in textile effluent causes significant problems in treatment plants since these compounds are hard to degrade by biological means. Color can be removed from effluent by many methods such as physical, chemical and advance oxidation methods such as adsorption, coagulation flocculation, oxidation, filtration and electrochemical methods [2] [3] [4] . However, these methods are not cost effective and have some other practical difficulties. Moreover, these dyestuffs cannot be completely mineralized by conventional treatment methods. Complete mineralization of dyestuff can be done by chemical or biological oxidation. On the Basis of the degree of fixation, of dye to fiber, more than 10-15% dye does not bind to the fiber during color processing and release into water bodies as effluent causing serious environmental pollution [5] [6] [7] [8] . These dyestuffs enter into the ground water and indirectly affect our food chain. Several bacterial strains have been investigated, by a number of researchers, having the ability to decolorize azo dyes aerobically and they have been isolated during the past few years to decolorize various textile azo dyes [9] [10] [11] [12] [13] . Several microorganisms are capable of decolorizing the azo dyes, including Gram-positive and Gram-negative bacteria [14] . These are known not only for degradation but also for detoxification. Dye degradation using isolated Pseudomonas species as biocatalyst is a cost effective system and it involves the elimination of the reactive dyes [15, 16] . The bacterial isolate Pseudomonas aeruginosa NBAR12 was capable of decolorizing 12 different dyes with varying decolorization efficiency. Among them, diazo Reactive Blue 172 was found to be decolorized when glucose and yeast extract was supplied in the medium [17] . P. aeruginosa decolorized a commercial tannery and textile dye, Navitan Fast blue S5R, over 90% with in 24 hours in the presence of glucose under aerobic conditions. This organism was also able to decolorize various other azo dyes [18] .There are only very few bacteria that are able to grow on azo compounds which utilizes the dye stuff as the sole carbon and energy source. These bacteria have the capability to cleave the azo −N=N− bonds and utilizes the aromatic amines as the source of carbon and energy for their growth [19] . Numerous statistically designed experimental models have been applied to optimize the process variables in biological processes. In conventional optimization process, In order to determine the influence of process variables, the experiments were carried out varying systematically the particular process variable by keeping the other parameter as constant. In order to optimize the effective parameters with the minimum number of experiments, application of the experimental design methodologies can be useful. Response surface methodology (RSM) is a good alternate which provides elaborative vision over various combinations of parameters with minimum number of experimental runs. RSM is essentially a particular set of mathematical model and statistical methods for designing experiments, building models, evaluating the effects of variables, and searching optimum conditions of process variables to predict targeted responses [20] [21] [22] .The main advantage of RSM is the reduced number of experimental trials needed to evaluate multiple parameters and their interactions [20] [21] [22] [23] . Recently several studies have described the use of RSM for optimization of process parameters (dye concentration, pH, temperature and inoculum size) for the decolourization/degradation of dyes from synthetic solutions. However, to the best of our knowledge until now no study used CCD to analyze the optimal media condition for the decolourization of RTB and RB5 using isolated bacterial strain Pseudomonas sp.
Hence the objective of the present study is to identify optimal condition that would efficiently decolorize the synthetic dye solutions containing RTB and RB5 using isolated strain Pseudomonas sp. based on CCD and to evaluate the role of the key parameters and their interactions.
Materials and methods

Microorganism and dye
Pseudomonas sp. bacterial culture has been used to study the degradation of synthetic dye solutions containing RTB and RB5. This Organism is well known for its potential to degrade textile dye effluents. It was isolated from textile disposal site soil and the pure culture of this bacterium was obtained by culture enrichment technique. The structure and properties of RTB and RB5 were presented in Table 1 .
Maintenance of Culture
Stock cultures were stored at −20°C in 20% glycerol. Periodical subculture has been done and the organisms from stock cultures were used for biodegradation studies after preculturing in nutrient broth. 5 days old culture has been used for this study. [18] . Dye solutions were filter sterilized as stock solution and added aseptically to the mineral salt medium to the desired concentration of dye. Remazol turquoise and Reactive black 5 were bought from Sigma Aldrich and were used without any purification.
Culture media and dye
Decolourization studies Reactive black 5 and Remazol turquoise blue by Pseudomonas sp.
Experiments carried out for 3 days in a 250 mL Erlenmeyer flask containing Reactive black 5 and Remazol turquoise blue dyes were mixed with 100 mL of nutrients solution separately and covered with sterilized cotton. The conical flask was kept in a sterilizer at 121°C for 15 minutes. After this solution was allowed to cool to room temperature, the culture was added to the dye solution. The conical flask was kept in an orbital shaking incubator and shaken continuously for aeration. 10 mL of the solution was periodically taken (for every 24 h) and centrifuged to obtain a clear solution. The optical density of the solution was measured in the UV visible spectrophotometer at 628 nm for remazol turquoise blue and 595 nm for Reactive black 5. % decolourization is calculated as shown in Equation 1:
where C 0 and C are Initial and Final concentration respectively.
Effect of Carbon source
The rate of decolourisation for various amount of carbon source (sucrose) was studied. RTB and Reactive black 5 dye solutions were mixed with 100 mL nutrient medium. To this 0.5, 1, 1.5 and 2 g of sucrose were added. Experiments carried out in a 250 mL Erlenmeyer flask containing Reactive black 5 dye solution and Pseudomonas sp. agitated using a orbital shaking incubator. The samples were withdrawn at regular intervals centrifuged and analyzed in UV spectrophotometer.
Effect of Nitrogen source
The rates of decolourization for various amounts of Nitrogen source in the form of Diammonium sulfate salts were studied. RTB and RB5 dye solutions were mixed with 100 mL nutrient medium. To this 0.5, 1, 1.5 and 2 g of Diammonium sulfate were added. The same procedure was followed as that of carbon source.
Effect of agitated and still condition
The effects of agitated and still conditions on the decolourization were studied. Two Erlenmeyer conical flasks were taken with 100 mgL −1 of RB5 dye solution added to 100 mL of nutrient medium. One conical flask was kept in a orbital shaking incubator and another flask in still condition. The rate of decolourization was studied and compared with and without agitated dye solutions.
Analytical procedure
The pure dye and Metabolites formed after decolorization of RB5 with Pseudomonas sp. were characterized by using the Fourier Transform Infrared Spectroscopy (FTIR). FTIR analysis was done in the mid IR region of 400-4,000 cm −1 with 16 scan speed. The pellets prepared using spectroscopic pure KBr (5:95), were fixed in sample holder and analyses were carried out. 
Experimental design
Once we had determined the optimal pH value and temperature, we adopted a 20 run Central composite design was adopted to optimize the process inducers, because the predicted and actual responses can be simply related to the chosen factor [23] [24] [25] . The following second order polynomial regression equation was used to correlate the both variables.
where X is the coded value, X 0 is the actual value on the center point and ∆X is step interval. 
where Y is predicted response to the bio decolorization process, bo is a constant coefficient, 1 Table 2 . Fig. 1(a) & (b) demonstrates the normal probability and studentized residual plot for RTB and RB5 decolourization. Residuals are indication of difference between predicted versus actual values which validates the Analysis of variance model.
Results and discussion
Central composite statistical experiment design and the response surface methodology were employed to inves- tigate the effects of the three independent variables on the response functions. The independent variables were Initial concentration of dye (A), concentration of sucrose (B), and concentration of ammonium nitrate (C). The low, center and high levels of each variable are designated as -1, 0, and +1, respectively as illustrated in Table 2 . These experimental levels for each variable were selected based on the literature values, available resources and results from preliminary experiments. The bacterial strain which is used in this study was isolated from textile contaminated site soil from real textile effluent outlet. The results of Chemical and Biochemical characterization of isolated strain, Pseudomonas sp. was presented in Table 3 . Table 4 depicts the experimental results for dye removal % (RTB and RB5) and using three factor 20 run CCD experimental designs. Each run was performed in triplicate and mean values for % removal of RTB and RB5 were presented in Table 4 , while the predicted values of responses were obtained from quadratic model fitting techniques using the design expert (trial version) software. The results of analysis of variance (ANOVA) for Eqs. 4 & 5 were shown in Table 5 . The model of the equation was significant at 1% level and each term was significant at 5% level. A coefficient of determination (R 2 ) value of (R 2 : 0.9726; Adj R 2 : 0.9480 for RTB and R 2 : 0.9789; Adj R 2 : 0.9750 for RB5) showed that the equation was highly reliable, the model also revealed a statistically insignificant lack of fit. The models were found to be adequate for prediction within the ranges of variables. The results showed that the experimental values were significantly in agreement with the calculated values and also suggested that the models (Eqs. 4-5) were satisfactory and accurate (Fig. 2) . The three-dimensional response surface plots are the graphical representations of the regression equation. These plots are presented in Figs. 3-5 . Fig. 3(a) & (b) represents the response surface for RTB and RB5 decolorization respectively. In Fig. 3(a) & (b) , the response surface and contour plots were developed as a function of initial dye concentration and carbon source while the nitrogen source being kept constant at 1 gL The contour plots demonstrate maximum percentage removal of RTB (Fig. 3(a) ) and RB5 (Fig. 3(b) ). Increase in dye concentration suppresses the growth of cells and decolourization rate. Higher concentration may be toxic to bacterial growth [14, 15, 26, 27] . As shown in Figs. 3(a) &  (b) , the maximum decolorization of 96.88% (predicted value of 98%) was observed in 20 mg/L concentration for RTB and maximum decolorization of 96.2% (predicted value of 97%) was observed in 20 mg/L concentration for RB5. The percentage removal was increased with increase in glucose concentration by the keeping nitrogen source as optimal value. As it can be seen from plots 3(a)-5(b), the initial concentration slightly influenced the decolourization. It has been inferred that the dye alone could not be used as the sole carbon and nitrogen source by the organism. Since the organism requires additional carbon and nitrogen sources to co-metabolize the dye [14, 16, 18] . Surface plots show the increase on dye decolourization with increasing on carbon and nitrogen source. Plots 3(a)-5(b) clearly show that the decolourization by Pseudomonas sp. was sensitive to carbon and nitrogen sources. Many research attempts were made to replace glucose and yeast extract with other carbon sources (sucrose, peptone, lactose) and nitrogen sources (urea, ammonium chloride, ammonium nitrate, sodium nitrate). However, it was observed that none of the sources at tested concentrations could match high decolorization rates displayed in the presence of sucrose and ammonium nitrate. Hence, it was envisaged that optimization of a suitable combination and concentration of carbon and nitrogen sources could provide results at par with the sucrose and ammonium nitrate. Therefore In the present study, the combination of sucrose and ammonium nitrate has been used as carbon and nitrogen sources respectively. The preliminary studies suggested that 0-2 gL concentrations were the optimal value for complete removal of RTB and RB5. Sucrose was used as the carbon source and it has given best result of 96.88% at 1.0 gL (Shown in Fig. 4(a) ) where as 96.2% removal obtained for RB5 at 1.0 gL −1 sucrose concentration (Shown in Fig. 4(b) ). Absence of carbon source has given the least amount of removal. Increasing concentration of sucrose increases the percentage decolourization (Table 3) . From this observation it has been inferred that the dye alone can't be used as a sole carbon source finding suggests that decolourization of RTB and RB5 by Pseudomonas requires carbohydrate metabolism and its dependence. Dye removal increased from 52.58% to 83.18% as the amount of sucrose was increased from 0 g/L to 2 gL was observed for RB5 concentration as is evident from the rising ridge of the response surface curve along the axis for carbon source. The similar kind of behavior was observed by many researchers [18, 26, 27] . Effect of nitrogen source has been studied on decolourization of RTB and RB5. In this study the ammonium sulfate was replaced by ammonium nitrate in the mineral salt medium. This study reveals that among the different inorganic nitrogen sources, ammonium salts were the better nitrogen sources for dye decolourization. Pseudomonas sp. showed a maximum decolourization of 96.88% at an ammonium salt concentration of 1.0 g/L (Fig. 5a ) for RTB and for 96.2% decolourization for RB5 at an ammonium salt concentration of 1 g/L (Shown in Fig. 5b ). Dye removal increased from 73.86% to 81.94% as the amount of sucrose was increased from 0 g/L to 2 gL curve along the axis for nitrogen source. Nachiyar and Rajkumar [18] observed the similar finding of ammonium salts supporting decolourization of Navitan Fast Blue S5R by Pseudomonas aeruginosa [11, 13-16, 18, 27, 28] . The FTIR spectrum of the control dye compared with extracted metabolites confirmed the degradation of Reactive black 5 and is shown in Fig. 6 . As shown in Fig. 6 , the difference in the FTIR spectrum of Reactive black 5 and metabolites obtained after its decolorization resulted in biodegradation. The FTIR spectrum of Reactive black 5 showed specific peaks. This was supported by the peaks at 672.91 cm for O-H stretch, H-bonded alcohols, and phenols O-H stretching vibrations of primary amide [14, 16] .
Conclusion
Isolated strain Pseudomonas sp. was able to decolorize the Remazol turquoise blue and Reactive black 5. RSM studies were showed that in the range studied, process of dye removal is affected significantly by the amount of ammonium nitrate which is a nitrogen source followed by sucrose, a carbon source. This study showed that response surface methodology was a suitable approach to optimize the best growth medium conditions for achieving maximum decolorization of the dye. Under optimized conditions, the experimental values agreed with the predicted ones, indicating the suitability of the model and the success of RSM. UV-VIS and FT-IR spectra of RB5 solution during biological decolorization confirmed the biodegradation of dye into intermediate products. The results indicate that this is a possible and potential application in the bioremediation of textile effluents contaminated with azo dyes and other toxic compounds.
